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Title: 

METHOD FOR MANUFACTURING NANOCARBON MATERIAL 



Abstract: 

PROBLEM TO BE SOLVED: To provide a method for manufacturing a nanocarbon 
material at a low cost which is expected to have application for an electrode material for a 
field electron emission source and an electrode material for a lithium secondary cell. 
SOLUTION: The nanocarbon material is manufactured by contacting a raw material 
containing an aromatic compound with a supercritical fluid or a subcritical fluid in the 
presence of a transition metal catalyst and at a temperature in the range of 350-800[deg.] 
C and under a pressure in the range of 3-50 MPa. 
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mytmim-tuim^T. 3 5 o-s 0 o°c««eh 

m-S^m. 3MPa~5 0MPac7)effl|*l«E:»]TT-e 
(a) ^tts 

xmtmmmmtmm\ zmitm. t/l- 

[il5R^4 ] HirIM ( a ) coRJE^tc, T;^d>75■ 

m^^>^i^x^wmth i h ^tftitt-r 1 tie 
fgo:^ / ;{? - y W4coS3t , 

^i^l^y. Xf-U'y. h'7ci;-;K 7x-;kT-fef-^ 

ei^y. ^y-fey. 7x-tyM^y, ryb^-fey, 

7:J'l/y, ;<f-;>-t-7:5'Vy. 7/P^^y, T-fe-^-7f- 

yavt°7^, h-.y^3-^x, ^-/i 
mttm^ 1 izmm(^-)-y^~^^ym^mm.if 

^j:^Zt ^mttimm 1 tciE«8<^-^y;&-Ji<yff 

ma±vh hzt^mmt-ti m^m e ^ztmco-f / ti 
~if^ym^<nwm'&. 

ffil. IB. ^'nA. ^y^'xf-y, ^:y7'Ty, f-^'y, 

(T)^ J ti~^^ymf^(m&-n'A. 



JR{k^«, =~-;'riv. nnivv. fe. ffl, IS. i^n 
A. ^yiJ'-'x-fy. ^U7"Ty. f-^'y. /i^r-'^A. 

[ if SJi 1 0 ] mwrnrnDtm^-M^hm.):. t 

'ffcf-^'y. ^•fbcJ'y/^^f-y. e-fb^'JT'Ty. k^I::^' 
yyxT-y^ mt^')r'ry. ^ft^^y^^io^iRSix 

:>-y;^-;ji:ywmS¥ii^rffi. 

[a«3S 1 1 ] mmm^mm^^-^timb t 

7xnHry. =.-y^x3-ty. ^--/^^/k v-A*^ 

-y, 3A>h7^'Di/r-y, Ii7:5'ni/ r-y. - 

)V:f^-)V. t'X (hU7x-;W*X7'f y) yi])V-i^^- 

)U-'y^)U^ >>'7n^ fx ( h y 7x^71/4^X7 -f y) 
-•y>-/P&V;?oahyx ( hy7x-;i/;j^X7^'y) 

-fsfs^Ji 1 izsm<7)i-/:^~7i<yMm<Dmmm. 
[ft*iH 1 2 ] msiJM ( a ) oRjsemt. mm. 
mmtn-tiz t mmttmm i tc:iEiS«-^yx^ 
-^•yffScoSjt:^, 

cif^ii 1 3 ] miim. ( a ) x'^i^^.tLtz^mm 

5-400-280 0°Cc7)|EBlF*3COSj^TlftJ!!ia-t-S>XS 
(b) ^Wt-|>ii:^^*1ti:tl.W««H=iE«^-^-y 

^-t^ym-\mmm. 

rmm 1 4 ] mmmmt:. e o o~2 2 0 o-cco 
mmm-u^xn ozt mmtt^mm 1 3 ttem 
«-^7;&--tcy»4^^i^Ji:^. 

dztmmt-tmmi 3^clamo-^7;&-^^<y« 

[ff^^a 16] .40 o~9 0 oxiffymx-mmt 
^ hiz9 0 0^280 o'C(D^mx'm>m-thz 

ti^mt^im^-mi 3t,ztm(D-ty:^~t^ym-\co 

[ m-m 1 7 ] f)fa»«& . rjvdy^x . ^ y 

A;^x^lt/m^XA>^>aJi^§ixl,-SIJUi*»^>^S;<?" 

x#si^TTit 3 ; iwmt-tm-m. 1 s t^iEmco 

7 - yMmcnrnmrn. 

imm. 1 8 ] %hfih-fyij~^^yMmmm-h 
jL--y hcom^mmMTxmm^timm\ s sx-^^ 

(y-A«) . ««e^coft-^L/::#«. ttixft«. « 

y«r4«»)S^r-ffi. 
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0 n m (7)|gHfcS> IZtmWit-tl ItsRH 1 8 {cfBig 
i-y:^~t^ymW. "^imm^O. a nm-4 0 0 n 

C0*§ 1 0 0 n m- 1 0 0 0 0 n m<7)|gHtS)l. ^: t 

mm. 
mm. 

[^^^2 4 ] IS ( a ) X-'i^htltzKmm^. 

Mm^hKummmMzx *}mmixm.m 
i-mxn ( c ) z b ^mib tmrn 1 ib 
m<Di-/:^-^^ym-\(owmim. 

[00 0 1] 

mmmmi-^i-y^^-^^ymm^mmmmmm 

[0002] 

imcDmi 1 9 8 5^tM«S^ 6 Offl*^/c>EI.-if 
>y;&-;J^-;^tt^i^c^77-^>'*«H. W. Krot 
o. R. E. Smal Iry. R. F. CurUCj;^ 

xm.^ti. tfc. i99i^izm%izx*)y^7xy 

i^-hmt''tiX^^--7'mz^j:'^t:^~7fsyi-y^^ 

-rm^^tixm. ^^<r)mmm^mmz^j:^ti 

xmx^^i. 

[0003] ±M:^~^^yi' yi-^-y'ii. tl^-SkfflO 
m^mtLX ^-^izb. n%it^Rmx- y 

mMmz-t^tLX^^^Zb^^i^. FED (Field 
Emission Display) ^}icr)^^'fJU 

i^x7-AcoAim9rmfVj:b'^<7)mmtm^^tix 

[ 0 0 0 4 ] :f}-7fsyi-Ji'^-ycr>m.mb 

LTii. mmm^j:b'(r>mmi:-kti:ffxmmT 
coT~:!'m.izxi>ifm. m^i^-y'yhi,z]y-f- 



i:mi^^xmm^xmmti ]y~i'~mmi,zx i 

urn. L<iS-v^r;i.^M<7)tt^^iSt 

tzmm^x'T^^uy^j: i:cDmmmb^j:i:ff:^^m- 
mi-hzb^zxhm^j:i::tim(:>tix\^h. ^wrpxiti 
"mm^mxnr-mmizxmmmtiK mffX 
tt 3 x-immm-yx-^^z X I mmi:'mK micm4 
x-iiu~^~mm^z X hmmi}K mffxm 5 x-a 
mmizx i^mti\ ^ti^-tim-^tix^^i , 
[ 0 0 0 5 ] t^. iSiS. m&TT<r)i-y:^-:i(ym^ 
(ow^m-timxbLxii. imffmi-simf 

[0006] 

mffm. 1 ] m^e- 15701 e-t^ffg 

[^ff^*S^2 ] mT2 0 0 0 - 9 5 5 0 9-f-^fg 
[*JltS:i; 3 ] :^P^^ 9-1 8850 
[#i^35;i;4 ] #|fW 1 0-27330 8^i;j# 

[iWf^^K 5 ] #ifl2 0 0 0 - 8 6 2 1 m^^m 

immXm ncarbon Vol. 36, No. 
7-8, pp. 937-942, 1988 (Yury 
G. Gogotsietal.) 

[^P^¥fl!M2 ] Journal of Materia 
Is Research Society, Vol. 1 
5. No. 12, pp. 2591-2594. 2000 

(Yu ry G. Gogotsi et al. ) 

l^¥mf^M3] Journal of Amerian 

Chemical Society Vol. 123, 
No. 4, pp. 74 1-742. 200 1 (Jose 

Maria Calderon et al. ) 

[0007] 

^m-TT^yi-y^^-y ■ ^-^^y-ryyr-i^'^-m 
izitm ^fi^i-yii- ^^ym-\<r)m.mxu. mfm 

jinxb3&sii<, ttz±mz^mhzbifiwmx'hh 
b\^om.s^ht. mz. -mhtimxcM. ^(rnj 

r-fe/LSrfflV^T 1 0 0 MP a^fc'cOffiE^TT'CORiS 

^lT-5Tfc'9. m.-n-x\-im<ts:nx\^h. 
[00 08] ^yij~^^yvmt. tiWiX'} 

(c. z:dm:m'wmf\. FED^ri:WA'-f>?.£om* 

V ^ I, t c7)T-\ z<n^ji]-^^ ym^^wzmm-fh^ 
%<mmfm.t-h.x\^h. 

[0009] :mmt. ±i£*ffl tcs^T^rStif^tco 
x:h 0 . F E D^rfcorA-^ x(nm.^mFtmmb hx 

t£)ib hx<nmm'm'S:tix\^h-^j-i]~if-^yVim: 

^m,z^-th z b ii^X't \,zirh z.b-k gWfc-T 
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[00 10] 

SKffSTs 3 5 0-8 0 0°Cc7)SgHrtcOfflS. 3 MP 

a-^ 5 0 M p a commmKtiTxim^mi^ximm 

WL#:t«M§^^I.Xg ( a ) i-^tiit^mm^i 

[0011] mmm^^i>ii^xiimm^m. mm. 

[0 0 12] tfz. luiaxg ( a ) cosjc^t, r;^3" 
[0013] mi'^^mwL^m^-^-fhw.fw. ^y 

•fe'y, xi-jvKy-^y. Vi-ji^y-^y . hiix.y, ^ 

yxy—)V^ xf-;p-7xy— /P. y)Vit^yy-y^ 

:?u-fey, yj^-fyhiyy. ryhy-ty. 
vy^ ^&)V-^y^vy^ yji-^i-y. r-fe-^-7f-ya 

[ 0 0 1 4 ] t/:!. Itrfsafl^«7c«^#*t-.s«i^ 

^mit-^m^\ m^mmm. mw^mmm. * 
aa^AiB^b-^if^!!, smmmim. m^mimx/m 

ri.y^r;K m. ^'da. ^y^^ 

^■tmm\ m^mwiim. mw^mmim. 
g^AJRft^ft. m^mmm. m^m^mm^^ 

^.^0. mm^^mit^mii. -■y^;^. n^svn^, 
m. m. 9uj^^ ^y^'xf-y. ^y7T>, 

ffl. mit^^y. Wit^y/XT-y. mit^'jy^'ry. 
m\L^ yf^x^y. mt^ u ^rv . mit-i-^ yti->hm. 



m<mmwmtLX\t. 7xn-fey. :i.y^ro*y. 

m.-'v'r)V. i^a.^m--y'r)V. ^y^ym--y'r 
-.y^r;^7^'nv'r:::y. a)<.)VYy ^xii^T- 

y. Wiy^^i^r=~y . ~-yy/ir-ti~)iT-thi— 

x-;l^;t:X7-f y) i^';ir;l^--Jf:::;l^::i.y^;k, e/7'n^f 
X (bU7xr:;l/;J:X7>fy) :i>yir;l,Jit;f^^nnb U 

X ( h ij 7x-/i^*X7 -f y) ov-^AA^^j^S^Siil. 

[0015] ±tmm. mi,zt\iixm^m\t:mw 
ti><r>i,mu^mmx'h^. 
[ 0 0 1 6 ] =5ri3, mmum ( a ) xi%ktit^Km.& 

ft^ 400-280 0°C(7)mi\^CO^&XmMmtlX 

V^MJicO?SffilKili: 600-220 0°C*W^ 
il-^o IS (b) ?gSf^i.Taitlll^Td 
;fc*WiL<, §f>M?itV\^«fcLT. 4 0 0- 
9 0 0 "Ccni^xmmm Ltz^. ^ 4> 1 9 0 0 - 2 8 0 

0 'ccoigmxmmmtiz t mif^ni . i@ ( b ) 
(omMiiTJ\^^y7!fx. ^u^j^:^xmmm:ffxt^ 
i^mmtih-mm.i)-^^j:i:vxmm^rx^oz.t 

[0017] :^wmmmijmxmtiti-y:fy-7f.y 
mit. mi<ii. n.i'mmTX'm^tii:x-y 

-■y h01Ig*^'2 nm-4 0 0 nm(D^mi>ZhhZtifi 

m L\\ i^9tm<nmmmx'i^hfihi-y:^-Tf^yM 
mm.=fmm%'mxu. ^imm'^o. 4nm 

-4 0 0 nmc7)M«JiiO^A-7"«^-*>^-y h 

«Oi©t:taT'#<i>ill.-hy;&-4^yfff4tOi-'y 

0 0 nm-1 0 0 0 0 nm«WcS>l,C:i;*W 

mmm. wmmm.m<r>\>^itixti-^i^Lx\^xhS: 

[ 0 0 1 8 ] ^fc. IS ( a ) X^hflfzKjmmi 

fkm:^hL<^mm^com-^^zi:'omMLxms. 
( c ) {Jig ( b ) comzno z t hxi h . 

[00 19] 

mm^. m^mjtm^^-thmm^T. 350 

~8 0 OrcOfEHrtcO-SS. 3MPa~5 0MPaC!5«E 
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IS ( a) i^A.x'^^imzmi^-tii-y:^-^^y 

[ 0 0 2 0 ] y^mmx/^mmm'PTii. m^m 

mmmmX\ -;^S^@*^'2 nm-4 O O nmCOlEBlt 

m (TEM) !^*^;i>f#fefil,$^'o«ST1i^v\ ± 

i>hmi^cr>m (:2-->y h ) ij^mi^zmux'^ mm. 

SrWd« ±ie-M5TO, fJia^ri.yb##:tL<{i:|!r 

l>;iif-t'>"ty^ A-7-i;:*-41>-^y 7 r ^ A- 
•r/^;-t^y mm) (i. SiiB^MilT-ll^^ii 

I. . ^"9 7 X y i^- h mm^tiy r ^ x^-mz'^^ L 

?t i CO , 7 7 X y i^- b V Tff^« -0 xaJi L 

7^7^yh«m*Uv:i><o. j5'77xyi^-h«w 
[0 0 2 1 3 m■^mi\zii\^x. "mmcmnk^-M 

«t»5St'«' I. J: a , -C'* ^cttSfiffiT-A^T'^ l> ?t>iO 
h;pxy, ^j^i^y. ;^^^y. t"7x--/i^, 7x:::/i^ 

r-tf-py, 7x7-/1-. Xf-;l/7x7-;l/, fvf-. 
e-y^rj-^x. ^H^ftn-^'X. r2-;l/^'-;l-, 7;l/:t 

^y^^y. t^i^y. ^"J^:y. 7x'^yM^y, ryh 
7-feys ■^7^ixy. y'-'^iV^-y^vy^ yivisvyst. 
^T^^VT-yi:i^tM\iixh~WL\timXh<m^ 

X'hi^tmtlw ztiei><r)'PX'h. ^y-^y. h 
/i^xy, ■^7^'^y. ;<-^)Vi-y^\yy. t-yf-, e-y 

:Ea3-^x. a~jV^~MmmX'hh 

}^x'X^Mti\wmx'h&. 

[0 0 2 2] tfz. *^BfltCt3V^T, 

muz)§.js. ■ mm^^zhh . mw<r)'&.%t%iif(n^w 
w\<zmiihWiWx\ mm^z\±. iMm^mzanhi^ 

(mis^) tmp (MP a) TmMimt^j:^^^ 
m mm-mx'ii^j:^^m.) i,zhmm^^d. 

[00 2 3] TSO. 8To 



P^O. 8Po 

[0024] :^mmzmhmmmtm^^xii 

mmi&-timmmmm^mzxfi. m.-tas. 
i.mnb i^^zxtifzm«^:mm^mii^xiimm^m 
t L , mmmmmmx-mm^m^^m^za < ^ a Tif 

mmmm^-tmmzX'^xmmthtK 

m^t'crm^t^i^. 3 5 0'C~8 0 0'COaST% 3M 
P a~5 0 MP a<7)E:^jc7)|iHTff P Zttf^t l\>\ 
4 0 0-0-6 0 0-Ccoa^T. 4MPa~3 

0 M p a <7)E:h<Dmix'n o^b tiK mm^ x h . 

10 0 2 5] zzx\ im^mwximmw^immm 

WTt , mmmximfMz^ttiii^m^t^mx'h 

[0026] mmmmit-t^m^mtimmmxii 
mmiz^ tiih ^mmit^miz x d m&m&i^ximm 

wmm-immMUj:^^M'^hhm%^. zm 

OV,<r>imn<r)Tm.. 3MPa~5 0MPaOjiHl*Ii^ 

's.-)]TX'mmm^x\tmmmbm^^ ^hiMi 
^^mc-^t:^^-thwmmx\mmz^t 
iih^m^it-^^ . 3 5 o-c~ 8 0 o'C(r)mm^(m 

JK, 3MPa~5 0MPacO|gHl*lc7)J±^Tt-m^S 

[0027] pii^hm^^m-xim^mwmm- 

m-^hw,fti%h, mwmmmtmm. mmm 
mmfmwk. wm<ommmmwcom^.^x 
\mmmf.i.i. t\tmm-t,<ni'yii~if^yMm^ 
m:wm-mw <.Km^mm tLxmrntx^^h 

is.bm-w.-f]-^mx.x^<^hzb-tfimu\ ttz. 

mifim&^mwx\fm^^xkmzhhm^i<z\t . 
{z^m^m^zh^Kmtim^'^-t^'-^m.^zhh. *^ 
mzih-)-yti~ ^^ym-\<7^^mi'\i .-^mzm^^ 
h . im\hwmx'}\(r)m-%>mwm\zhhzhii^%L 

[0028] ^^mxcoWsmmi-commmii^ximm 
^mwmm-hmMii. 3 5o~8oo°ccoeiirto 

SS. 3MPa-5 0MPaCO|gHF*]£7)JE:^!. COV^-ftL 

^ hWz^i£M(r)^rx'mm^mit^j:hmKx\ m 

mmmmtimn. mki\Mmmry^=.Tm 
^-(>MiK^tii-mxiiz.mj±<^m.-^m^^hzt 
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mn^cD-t^ x\,z±% < m-ti ^ t m^i^zh o , 

mi. MtL<\,i. 20'C. imJE (0. 1013MP 

a) x-m^ {^mmc-^hL<^im) ^2^ii%a 

\\ ttz. rMitm^i. \mh.Lxmm-hmHz. 
-m.■\tmum'^^^&mz^L^,^zbtl-h. 
|3I±^o»l§^i*^fiTS^^TslM^5*^^a^ h<n^m\ l 
x\^hhmm^ti. ±Mim<^^x-\immtL\<\ *> 

3rC. 7. 4MPaT*l>o ttz. yWm^. 
^m.t^j:m^^t^^E.-^\i. 3 7 4r. 2 2. 

3 19X:. 4. llMPaT'. ■^7^'^y*«S 

mmwbti:mmm.bm^E.nt. 475'c. 4. 

1 IMPaf'S)!), 

[ 0 0 2 9 ] 'Srfc, WMt LX. ^fiUWiiK 3 5 0- 
SOO'Ccn^m^COim.. 3MPa--5 0MPac7)SgH 

mK:h .^\^-ftii i:.mtzt\mco^<^yx-mwM 
wtts:mmm\^h:Lhi,zi^y) . A^*^i,*mci3v>T 

cox-ntu^. 

[0030] m%mfM=tn±m%mm^y^^ 
xms,mim^ h<r>^m\Lxmm<r>-fj^-ifsyMm 
^mm-'^m^tz^sb^z. mmmmz. nv^y 

[003 1 ] mmtmm-mxiim>mi^mMi,z 

m^£}^izmm*^hi-y:^-^^ymAtim^^ti. js^r 

[0032] a»#«^Sfi^Wk^tt{±, mimmt 

mmmzMihti. mimmtm^^mi^xiiwm^m. 
m'^mm-m^zm^tm.mzm-tihtiK z<^m 
^m'^m^w.^t-mit. mitii><r>f3ixii^j: 
<. mMmfmzmi)^p>isttiX\'^ih(^'^. wMt 



mm-mxiis.w.^mtcommizX'oxmztiti 
[0033] ±iBa»#«. m^^mit-^mmfS^ti 

mm^mmtlXlt. n, v. Cr, Mn. Fe, 
Co, Ni, Cu, Y, Zr, Nb, Mo, Ru, R 

h, Pd, Ag, Ta, W, Pt, Aui}^mifi^tl^. 
cft-i). Ni,Co,Fe,Cu,Cr,W. Mo,T 

i, V, Mn, Ru, Rh, Pd, Agi^iU Off* LV^ 
7iMX\ Ni, Co, Fe, Cu, Cr, W, Mo, T 

imi^ntu^Tmx'h^, 

[0034] ±iffi^AJi-ffc^fc Lxii. m-m^ 

mm. m^mm-imi. m^m^^. x-htztifi 

mx\ mTthi^^iimtLx . m^^^mttz^m^^m 
mimtm. m:-mmLxm^^mcoiM.t Lxmrn- 
^h(nx\ %mti,xMnmx'^hcox. »tuv^„ 
[0035] mm^^mmmmt u^mt vx 
ii. Wiit=--y'r}v. mm. ffi-^b^AV^^. mm. w% 
it^^y. mt^yyy-T-y. K-fl:^U7T>*W^> 
mmmmmtmmtimtixu. mt 
^yyxry. mi\L=t^)-ffy. mt^s'ymwhfi 
I.O ttz. ±mmm!m^%mtL\mbLx 

ii. 7xP-by. - v^xi-izy. ^--y^r/K i^A"^ 

m=-"7'riv. -tyy-ym-'v^iv. -',*nV7^ui/7 
-y. ajiii'hy^tii^T-y. my^'ai^T-y. - 

}Vff^->V. \^7. ( h U 7x-;k*X7 ^ y) l/tlVif-.- 

::i'yirjum/:?uu}-Ux (vVyx.-fi'Ti-^xy^y) 

[0036] ■^m(Dumx''i^^tiii'y:(;~t^ymm 
mt?>^'^it. ±im!mf-^^ xmmmmx'h 

m.m'h^<i^-^j:^^X<r)i-y:ti-ynyMmi:% 

ifzmzii^ { i ) fm^mft ix. mtmi^z 
mm^^i. { i i ) mmzfm^mtximt^. 
( i i i ) ±.mmt:mm-tmMcomx. ( i v ) « 
mmmt h(Dm<rzmz-^^ tc-^avstt^ ^ mxt 

m^w<':ibi>zx-^x. #{a«s*)/cDo-^y^-,-i^' 

[0037] ^^mzii\,^xii. mmbmwMi^xii 

i>zimth±x\ ±sM^mm^m^t^iz. ^ 
i^^m^ ::^-oi'c^m^m9i^tih-mx\t-m)± 
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< mm^'vl-. t-y^3-^?X. ^ffla-^'X. a 

[0 0 38] ±IB^:t-;l.<0«fiJtLT(i, \ -i!9^y 
•fjj--;Kn-:t^f-;M;l^;i{rr:J'y) , l-r;^^^- 
:t-/l^ (n-Ti^/l^;^/l/;*r^'>') , 1 - Y'fi]^'^^ 

[0039] miimjM^^ti ztmu 

'^m-^^^fz.-mf\zii\^x. wmm.y.\mm- 
w<^)L^mm^f\j-iMm^z^ ^(rm^Mz^hmm. 

x\ -f^i^-if^ymwm^^tifz^. ^icoiwisni 

mm:m±.^^h:itifix'tt. ixmmmibh 
\^mk^z. ^x'm-^h:it\,zi,'^xmkt:mi'th 

[0040] ±fs»i(s> ±m^mR(n>^mm' 

«0lfi]±c7)||^|*»^, . 400-2800 'C<^SS-C1t 0 i 

[0041] mmm\t. j: 'om.^£mm(rmk 
jR¥(Di6i±»iai,±T. m.-k^x.xmm'm^ 

mm. m:mmm'^^mx'wm 
Lfz\k. ^M^^^mi<n'^~-mmlxmmfhz}:.if 

&'m\,Z\X. 4 0 0~8 0 0'CTWIt/t 

f^tc 9 0 0 - 2 8 0 0 'cxmmth z. t mm i < . 

4 0 0-80 OVc^imxmmM L/tf*t 1 000-2 

4 0 o°cxm!im-tizt^^-f-y:^~n(ymm<^^yy 
xymmim^^htzMzii^ ^izmu\ ttz. 
mmmm&mm-t*^^. mmmtmx!tmcomx\ 
^j:tizxmmmtt. mumm^isnhhzbti^ 

X'^KTiX-ntbW 24 0 0-2 8,0 0'CT-(7)»^Q:a 

[0042] i^%m(^'^mfimizxniotii'ty:^-yf^ 



mmm, ^)^coi&&-!±ts(o^mzX'yxm^j:ii}\ 

^coi-/:^'-if:ym^<D-miT^m&th:^-'y h<7) 

Att) , -imi-y^^-^^ym^ixim 
^z^j:'yfzm'JiK. mm^. y^y?<yhm^^ 

tiK ^%m(^w^izxmii&. hmmi-yii- 

m-4 0 0 n miOKffllZjfe 0 . ^(Ty^^it 1 0 0 n m~ 
1 0 0 0 0 nmcOKHtS)!.. tfz. *^H^<7)igii:^ 

1 0-5 0 nm<r)hmm(oii^-t\^. ist-Wk^f- 

^WtLxmW.^ixh. 
[ 0 0 4 3 ] S <i>t, ±i2i--y 

i^. ^mn{zi->x'i%t,fih^y:h-t^yMfM. 
( a ) ^- 7 7 x y i^- h tmm s fifz h io*-^'att«jtt 

^^Lf^tiT). (b) ^-^yxyj^-h^^^-yT^fc^ 
'yy'tm^mts:'>XWMUzi:.(7^. 

( c ) y77xyi-- hmmhh\^\tmmt-'tifz 

i>co. id) i/yyxyi^-vmmz^L.^m 

mtfzLco. (ij-^mm^h^ii'^mm^^i. ± 

la ( a ) W«5ic?)t«7)<7)ilg{i:2 0 nm~4 0 0 nm<7) 
mmi,zh 0 , ±12 ( b ) cOffijtcT) 1 0 n m 
-5 0 n m<7)mizh 0 . ±12 ( c ) cOffi3i(7)i(r)Ott 

g{iO. 4 nm-l 0 nm(7)|gHt:J)'9, ±12 (d) (7) 
mmCD ij CDC^^m^m tfz^^l,i O. 4nm-5nmc7) 

^y;:?-;j^>(±±i2ff^« {a)m' ih) (TiWimmmti^ 

mmm. »mx-nhti^^\ 

[0 044] i:/c, ±mi'y:^~rr^ymii. 

m\'-^tzwmm7mti-Mm^^m!^\.z%m^t^ 
i^ti. ^^^ixfz^y^-if^yMm<D^<im%f,zwi 

[0045] ifwmzhux\i. mmmxnmz. 

[0046] if%m^zii\^x. mtm^m. m^±m 
it^mtix. mum. a^iii^hxiizti 

mit-^^^^mm itzi§^. ^htm-y^fj-t^ymfA 

fi. Ztih<7)m.^m^^Uzi><^t^j:l. Lfzti^-i 

X. {mwa. ^i^m^) m^-^xz^^wtm^ 
^■th^yi}~-^^ynmmmL. m.^m^hztt)^ 
x'th. ftf*:wt«4. r)va~)i^m(mmz. ±ia 
i-y:f]-if^ym-im.m.m^£}£X'm^'tfzm. m. 
^m\<^xmmthzbx\ •ty:^-yr^ymm<r>m^i 
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[0047] *^0fltfc{t&ffsig{±. ±tmG^zx 

x.{f hV^J^. mit:^ U ^A^si^) izX 
[0 0 4 8] i-/:^~7f^ymi:i:. ^mmizX-^X 
l^^^hh^. icoJ:d=5rJi-ir. iiaSXJiT;!';^ 'J 

mm^mm:m. mmmit-^m. c^nmrnmrn^ 

:^ y {zxmmxmmtztmjt u\ 
[0049] ^hi,z:^wnizmmmxmii.. ±im 
^^zx inmmitz'mz±mxiiTii^ u 1 1 m 

[ 0 0 5 0 ] =5rfc. ±iB«=5t J: , MX 

ii7}V:^v^zxmmm'^'i^. nmrnmiz^-o-z. 
^ju^j:bizxmmmttnmmi^±^^?>^t 

[005 1] \;xmmLt:.-^w^<r>-mmh^-m 

(D7n~f-^- h Sria 1 t^f, HI tfc{tl.Xf- -xT 

Hi. Mfis 'i:>gicjetT, {mmm-^mm-t 

^•1i:l>»»illg. Xr-yr3(i, icO^WIIg 

0 0-2 8 0 o-ci.zmLxmmthm'm 

j:f>-^^ym-^mmEi.z^hmmm/x\mx\t 
r)Vii^)\.ziimm:mtmwLm:hh. fztiL. # 

hfitzi-J:f}~^^ymm(r>mmzi:'^X\i. Xt'xT- 
3. Xf-y7''40Ig2:^Sfet-^^^^S{4^V\ 

[0052] mmm^'mzi: y)^y:^~^^yMmm 

tC. EMt7 0 3. Mt-^'-7 04. ^#7 0 5 

1. 7 0 o\mf-\, 7 0 1 \tmmmwmfmmx'h 

^•>^r< t !> 7 0 2iOi!»E§|||^SOff«{i:, L 
<(4;^fyi-x, J;i9«f4L<{i. Ni-Mo^#*^^, 

xhhtK UMi x'oi^i.zmsbhfzMzmmm^K 



[0053] ±Mr>- y :^~^^ym-\mmt^mm- 
mmisEM) X. mmmt^mMFf-mm (t 
E M ) mmxmtfh z. b i. . 
[0054] ^yij~^:yMfMz^ttim¥Bm<D^ 
tKm-^\±. xm.m^. u-^-y-^ymmm 
mx-mmx^^, ii-t^y-i-yi-j.-yn^'^ym.x 

'^^h/mi, 1 5 28~1 6 0 6cm-i#3fit-> §^ 
t=1 3 53cm-i, 27 0 0 cm- ifii&liZijy -7 ym^ 

rx\ imv-mK^tfrnffvi-Yh^sh. ttz. 

i^^nnmm<^tfiX\^mi. y-^yx^^ Yjv<n 

1 35 3cm-i#ific7)t-^7!)i^#<a^$ill.. Lfz 

xim-mm^zx^mm^ti. ^com^z. TEumm. 
--'leoecm-mT&co^^-^^mzMti 1353c 

[ 0 0 5 5 ] S U ^'^A-^imJfficOtffi^tffi: tT 

^^M.i')-/:^-t'ymwi^^^imm^zwxmmi. 
nx^zif 0 mm* i: mzw 0 mmi:mi-i ^ 1 1= 
i-^Tif a nx^zifdm^trnm 

ui-^j:.-dmx&mmmtLxmix\>^ 

[0056] FEDcOiiffii: tTcOtttgffiiti. MJET 

[0057] ^mM<r>mmmii. «T-e*^;if>?. 

mmtz 19 1, ^ t -ctf 0 ^ t 

[0058] %hfitz-f'y:^-Tf^yMmmmmm(7y^ 
^m(Dmmmmi<zm^^hm^<n'mmm}:. Lx\i. -t 
y :fj~n(y<7)mmm t m^Hmijmwxh h tzMz. 

t^ym^m\'^tzmmm(Diiitimiimmi)mfi^ti 

[0059] i^wn<^^yij~^^yMfM. mm^^ 
<. itmmmm^\ mmmmmmm<om!mi,z 
a. ^~7i^yfy-v::^i,z&mff)mim=i'mnixm 
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mm*^±^ < =5: D , lii tmmfmm^ ttz^-ynyy 

[0 0 6 0] :$:mmx-oxm^Lfzi' y :^-ynym^ 

ifix'-^t. OT. :.tihmmzm\^h^^\.z-^^^xm 

[006 1] c ij ^'^M.^imm u ^^j^z.<'m:m 
{LZ.X'\,t. \-^h^h')^'yM.4i[yz:<'m:l^i^t>^x 

mt:mm-fh^\i. i-ji]-^^ymm^%mmb t 
xmth<r)mtu\m2\i. ^)^'^j>.z:mm(r> 
mm-mx'hh. ia2tfcv^T. 2oi{itffi. 20 

2{4^^yfES*. 2 0 3{4IEti; 2 0 4{4ft«i^. 
2 0 5{4IE«^. 2 0 6{4m?i!!^N'>j/'yi/ (€11) T' 
hh. I120tffi2 0 1(4113 C7)«ffiffljtft3 0 5;^><o 

[0 0 6 2] EIBt-fcV^T. 300{4*l;ft;. 30 1i4 
-fy:^'-Tr^ymm^. 3 0 2{4*g«5?J. 3 0 3«42*« 

[0063] m3<r>-fy:fi'-^syMm-h^hmwmm 

ft30 5{4. )!K<r)i^o>,zLXmm-h^tifiX'%h, 
[0064] -f^sh^. -^y ;{^-/-J<yW?Sf«^*3 0 1 
W1SiS^i^*^^>^S*S«ffl3 0 2S:iB-&t. 

jctTjis:#«fflBfm3 0 3. mmmmLn-^L. z 
com-^mmmmmm o o±t:iegLT*®S!i% 

SJi 3 0 4 mmti i t -r-isisjtf*: s o 5 mm- 

h^ht^X-^h. iwmffim*3 0 5{4. I12c0«?li! 

<n%M20ltLxmm-th. 
[0 0 6 5] ia2c:0jEffi20 3i;L.T{4, Uf-'^A-S 

ti£B LxsmiSmmmm^ ttzhnm^^hzti^ 

[0066] ±mnm2 0 1 tiEm2 0 scomiz. 
^M.ucommmm^LfcWiii&^v::^]yy < y^y ^ 
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[0067] mmmi}:. LX\i. d^y y -y-fCb-y :it 
^tttft^>^*^fflv^<^>ti§. JiiE«»«i:tT{4. yf--^ 

A-r^ry (LiM }:.)VAxm^^y (BF4-. p 

Fe", As F5-, C 1 O4-, CF3SO3-, N (CF3S 

O2) 2-, BPh,- (Ph : yx.-)vm) ) i^^hts:^') 
f-n/AiSS:. :x.^Vyii-^^^-V. ru\^Vy:^~7f^ 

«4. iS^Sr»tTy;Ht;t^i>W'C*-5-r*,J:v^, 
ilE-feA-v-^'comit^y^^^ < -f ;i/At L 
T{4. TKyxf-i^y^ -f;PA-^7Kyrntri/>-7'f;UA 

±iEiEffi*??^<^yf-'>A-s^^mS'fi: 
ft, yf-^A-^^^JSyy®€-^fti>L<{4yf-'i'A 

"]l^^«KM^coafl^«7C*i; LT(4, aj^iVV. 
[0068] CFED]iI4{4, FEDi7)«M« 

iiT-j>^« Ei4tfcv^T, 4oo{4ffi»a^s {-^yxm 

S) <4, 4 0 1 i4RB«® (Ftffimffi) , 4 0 2{4;&- 
;J^>:^y^a-y« (Hffi) . 4 0 3{4i|&iX'^-t- 
(HS) . 4 0 4{4S^«tl, AOSMWmkm 

%) . AO eitmm-?:^^. a o i\mmMVi w 
m.) - 4 0 8{4*ss-^-r. 

[0 069] ia40FED{4, iJvXW^AOO}L\Z-^ 
Jim=E4 0 l<OA°^-yS:Et, -?-<0^«mii4 0 

>5rt"W¥ffiTmLI^«*ML.TffMbf^ltS4 0 2 , 
;^7X^^4 0 7±t31BJ5mffi4 0 5 A°^-yS-?BJS; 

^<7)SB)!«SA"^-y (l^ffi) 4 0 5±t®3Kf*il 
404^^^'y- y EPffl^ fc7)#&-cmffi U . ±f SIS® 
405t^®4 02Sr*fl«iI§-li:, 9"- 

(HS) 4 0 3^IEL. %mm%\jxm.-fhz.):.if' 
x:%h. 

[0070] 'fJij-if^ym,ti^t><nmm!,(nwSk- 
%wm>t. m'i\z^s^ii-hwmwmn%'ft:m. 

'm»xmfm<n-m.^^yi^-\zmx\.. fis 
5 0 Ah^jij-^^ymfWi^'&h^^ 0 1 Paitcmffi 
^m\ihx'mAi\mfhzhx\^hzbifx%h. 
[007 1 ] mstcfci^^T, 5ooi4iesa«. 501 

5 0 2(4^7 ^-;i^>«ficOll«. 5 0 3(416 
i^X'^.— If-, 5 0 4(4»ffi- 5 0 5(4llffiy-K. 5 
0 6(4ll«y-KT'*)-?.o 

[0072] Bl5com#atii^O«a-«JIWtttf-aW« 
^(4. LT{4. :^ h y f^A^ y 

(0lR{4'a-::iy^^aS!|#7O5 9;5r5X) 5 0 0t« 
%(m\% ai LgPtrfiix /lUffiA-:? - y *sx .y f-y i/-Cft 
*^tlf.:vx^'5r!:'^^«§-ti:/Sf*. i^uA (50nm) 
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/T]V^~^J^ ( 3 00nm) (50nm) (7) 

>&^c^llffiA-^-y±tcm«LT. ^ffi5 0 1 ifm 

m^x^--^- 5 03t hx'^i.^.zmm. ^<^± 

[0073] oi^mmMn'] f-i^. mmmmi^tifz 

mmmt i mmj-^nyiiffixim tm e m 
^mm tcT . - > 7 f - A - 7-607k»«g J itai 

[0 0 74] ia6fc*3V^T, 6 0 0{i«E7i<*4<>'^. 
6 0 1 ii7j<«lf^Wls, 6 0 2ii'ty:fl-:!t^ymmm 
6 0 3{i:ajgayhn— 7-. 6 0 4{i«S;Ky 
7\ 6 0 5{4JE:/ltt. 6 0 6{±»Stf-. 6 0 7{i;pff 
608, 609, 610, 611, 612, 613 

[0075] i-/:f;~7f.ymAmmie 0 2W4, m 

manure ii , 6 1 2 , 6 1 3 ^ifixm-^^titzM 
mfe 05 1. TOsvL-ye 11 , 6 1 i^ifixm-^ 
^tifzM^^'yre OAij^ii-^ti. mm^^/ife 0 9 
^ifLxj±M\6 0 Bmm^timf&mme 0 1 1 

{4. »svpy6 0 8tl)!)E#6 0 7l::n-L'C7j<*^y 

'<6oo*iia-&$n-cv^i,. 
[0076] +^m^ifz-)'y:^-^sym-\mcr,m 
mmmL. i-y:^-^^ymAi^^mmeo2iz. 
mmmx'hii-y:^-^^ymm^inxt. Ks^i^ 
yreoAX-nM^m^tx-mttim. msoE:J3t= 

^'pTV^57l<*lf^^^6 0 l*^f>:hy;^-5j<y«fi^ 

*?Et*^§l6 0 2 (CifTOyN71/7-6 10, 611 SrgBV^T 

(601^602) cD7ma:^mmL. mncoTiim^ 

hzb-h^x'^^. m^t. ■ry:^-!^^yMfmmm. 
^§16 0 2i,zmx-ft7m<r>mmm.^'t^£tfih. ^ 

[0077] 

imm] WT. mmmizm-^^^mmm^zmmt 



[0078] HWi 

l^^9 6mlc7)A;^f-P'f (^«S:Ni-Mo-^ 
±) mmmmmz. 2. 5gcoh;kxy (feWffiiK: 3 
1 9°C, : 4. 1 IMP a) . 0. 2^(0-"/ 

'ru^y^xtLxm.-^^^fz^k. 3 0gc7)i<'7-fr-^x 

MnLT^StL,, ?Sft4 5 0°C. &]12. OMPa 
T'6B*PaSJ55$lJ:T. :h/;^-*>ttflO. 4g?rff 

tz. n^tifz'^ji}—!r^yMm<r>-uirivdy%m^ 

\,ZX. 1 5 0 0°C-C'2BtrBl»IL-C«i®af^cO-:>-7;^ 
-liSyMm^hWmLtz. 'Srfc, C^-CF^^r-fXcT) 

[0079] miKmm]<^mmt. y^at^ xtm 

^tLXm:^':^iz^j:^C:t^:miX . iW^il^'XSr 

mmmzmna-h^tx-'^i-ifz. Mmmi. f 
ib. Kmmzcommi(^EtitKi^^m<^iSii^±mzif 
oEi]±wmi». '^m-Emmmmixa^ . m 
^<D'&&x-mm(^}±:hi,z^j:ixoi,z. Mmi^zm:^' 
x^Kmmmma^th ^ t x. iiBE^pssr^T-^ 

fz, Z(r>B:hmmi Y-=7ATA xcoSSTT-ff -3 7^*^. 

wmtti:h Y!v:s~ymmm%\'L-^mmL\mhx 

[0080] ±fB*lf^Tll<i>iX!tMlp^<^-ty;*- 
X^mjff^i-ipffc. BET (Brunauer-Emmett-Telle 

r) miz^hmmm^^'^-^^. 

[0081 ] ^S«^«MII^Ti4. »att)ftTlf 

^ h'^ft^^-f. E 7 tc^nt- J; 3 . ^mm) 20-3 

Onm. Tt^«Oft$f1;2 0 0-5 0 0nmC7). miM- 

U^m.<nv~J^'>^X. ^^'yV9xmz\i. -vlrJV^M 
S^S:*tTV^fc, 'Srfc. 117c7)V-A«-^y;^f-tCy 
OJ.->y hcO«si;El{±iai ico ( 1 ) (cffiS-tl.. 

<. imioo%cr)m&coi><^xhitm^ti%>. ^sr 

t^t^^^^tlfz. 

[0082] mmmf-mmimMii-^^cowmxii. mi 

1 £0 ( 2 ) <nm^m<7)X 0 ^Z:f! ■y7°*>mfi^r^T V- 

j^mzfs.'yx\^hxdiz^itz. tfz. mmmmmc^bt 
mxu. mmm^zx-^x^fyy^ymmti^^mtifzi^^ 
. mmmmi- 7 ^-inym^com^fmiimmm^z 

ib^TJio^OUTV^ys. 08{i 1 5 0 O-CT^Mt 
/:;f*iOft^,ix/c-h7;<7-^yfl^iO@ii«^^j!8tM^K 

xht. 

[0083] xm.mmmm^. 

iXhW^maSAnrnXh-^fz, 

[0 084] BETitmmm<^m^^xii. %i^tifz 
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mmm<7)i'y:^'-f^ymM2 6 0m^/g^ 150 

0 "Cl^Maf^^o i) oJi 1 4 0 m V g <7)J:b*BW^* L 

[0085] ±iES#Tif ^.tL/::»^!!La^*^-^ 
y - Tnymzmmi- -y ^/i^^tsK t 

-^^y^KT-mm*- s^+s 5or-c-»M 

y;*-^yW4)i^jg^u. mmzm^tif.z^^yj'^- 
m-mTizm^^ m ixmmmw.^i-msmm\ 

[ 0 0 8 6 ] Sl6cOl«B!c«7j<«iSmtgaS^T-c7) 
[0 0 873 *W2~»)»m 

mmmi^zio\^x. Y3^rAx<r)%mmE.-y]^mm 

tX. KJiBE^J^S. 4MPa. 6. OMPa. 4. 6 
MPa. tu. W:il^'Hi^»Jli:|31«tt-C. -ty 

3, 4tL. 4^Uc-^y;{?-jJ<yWfl0^mi^« 
lilS^ti|X*SrltSlt;t. t#^>n/l-ty;<;-^yfft^« 

LX. RJ£JI^32r3. 3MPatt?t**^, 0. 7 Pa 

^mm-fz. mm\5^zi5\yc\t. mmi^z]mL 
tz. mmuzi5\^x\i.. '^j:fi-^^ym<r)mMU 
[0089] mmme 

mml^Zii\^X. RmmniA 5 0'Ci)>h35 O'Ct 

. KmE.-ti i9. 4MPatL, ^timimmm 
itmm^zLx. 'hy^~t^ym-\<D^m^'ii-ofz, 4 
is.ifzi-y:(!~^^ yw-\<nmm.^mMmm t iix«^ 
muz. mtitzi-yij-7f.yttm^mmmm 



mmtifziiK mummmitmixi&rLfz. 

[0090] it«(^J2 

UttMl tfcV^T. R)£J±^J^4 5 CC^^^. 3 0 O'az 
^i. , RjsEJI;^ ^7. 9MPahL, f tiK?[-{ill]lfi^J 
IhfHlKtLT, ^y;<^-#>«ff<^^^^SSi^)t*i, 
^y^~t^ym-\co^mimP>mi)-'^t:, 

[oo9i]mm7 

llli<?iJHcfcv>T. TOcSfetx^j'ywi.^o. 2 5 

mitmi^zix. i'y:^~it(ymmmit:, ^ 
^tifii-y^-^^y^mcomtf^mm 1 J: 0 t«3Dt 

X^^lZbmUUz. tfz. %{^tlfzi-y:^-7f^yti 

mi- y -;j<>*wsfL7t , 

[0092] ibWi3 

mm) ii2. 4 M p a t LTtiywi. mmm 1 i: 

tcLT. 'fyt~if^yMm<^m:Wi--kifi. -tyij- 
[0093] ^Caj8 

mm\\z^\^x. YvArAx(msk7i.^'^>hx.'^ 

iih%<ZO^(rytj:\\m-X\Wm.-h-^S. 6MPatc: 
t^lili'Ki, %'m\mw.z\.x. -fyij-ifsyim 

ffi^mm^tzp. i.^uz-)-y:^'-^^ymA<r>mM.ii 

[0094] %mm 1 t-mmm&. mm 1 t-^hm. 
m3tx(Di-yij-^:y^^^^bMmitLfzm.^ 

\^<7^l. OOiiO. 4g(cffiS) 

ico^l(0^)5fe^Jl-4hll»j5, JtWJl, 
2(D'^m^^. hiVX.y (ES^ffiS : 3 1 l^^flE 

:)3 : 4. 1 IMP a) -^wm^zLfz^^. ^^m^m 
hhuimwm^xu. m.mm^^TL. « 

mM^zi^ts:\^^^z},Xi-y:t3-ifsy<r>m.ifim:^ii 

t^h. -m\^(jm<mwfi^mM^i>tzt>'fzbhh 
n<Dx. 9 y h iR*«ap \<zmd^ib hztifih 

[0095] 
[HI] 
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mmm4 
itmu 
mm 2 



[0 0 9 6] mmmsmmmmio 

mm9, 1 0 h u. ±&uzi-y:^~7nynm<D^^m 
Mmmxfmmmxit. ^^^tii^mmim 

m^zx-^x^'^j'^mmimt-titK v^-rn^, h;pxy 
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